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2 aade of the veloolily apd deceleration
the eard

ahmamweheve md hioh armeraddn
A= e miiges W

e = e e

gravivy foree is nagligible

wariatios of missile spesd aud dacelersiion wilh
altit e ars cbtained. A curloos finding is @t the seaximm dscelern-
tim le indepandent of physicsl charsctaristice of & wissile (n.x., mass,
rise, and dreg oGefTiciant) a7d is detarmived caly by eciry specd anc
fligk t-path angla, provided this decelaration oocurs hafore Imphct.

‘This provision is satisfied by aissilss prosently of wore usuel lnterest.

The results of ths motionm amalysias sre smployed to datermine meanas
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the smoamt frliversl to ths body in the decelsrstion pro¢ass, Blmt

shapes appear supesior to slebler shapes from the stwdpaoint of heving
lowmr mikxism conveciive brat-transfer rates in the reglon of the moss.

Tt mirimce sreregy beat-iTunsfer rats per walt arem amy % redwed by

‘Bupernedes re:wmrtly dealassifisd WAGA 8.4 AS3DR0 by B. Julian Allen eod
A, J. Eggers, Jr., 1993.
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For smissiles derigoed to sheorh the beat With 1iqudd coulrats
{0.8:, by “wweat cooling” shers thy swrface baat-transfer mte is high,
or by olrcvdating 1ignid coolants within the shell wbere the surfuce
bost-tranafer rato is lover), the tise rate of beat transfer is elwi-
1arly of intermst sinne it drtarminas the requlred liquid pspling rete.

These Loating problems, of course, have Been given congidershls
Mln_wﬂmﬂth the desiga of particulsr missiles, but these
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rididies &re vary dotailed in wopo. Tiere his been Déed for & genersl-
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T 5 by Javeloping & lumishly nimple
sotion soalysls, This anslysis was not pranrsdiscd, hemever, wizce it
wns biy purpose to stulr the motion snd Feating of & periicular misails.

thi o

A motion sowlysis, Baving tas bagic charsctrr of tngnarta approsch,
poscedes the besting ansiysis. The ganeralized resulls of this analyae
are of gonsidersble intsrest ir. tiwesglvas wed, sccordingly, are treni-
in detall.

ABALYHTS

Mosion of the Body

Conaider a boly of aass n ertaring the atmosphare ficy great
bhelght, If, st suy eitituds ¥, ths speed Ln V usnd tos angle of
sppromch 18 § to the horiscatal {sss sketen), the par mmeirao equa-
tians of motipn can be wriisen™

A pmpact poiet (0, Of =

Rprogerly, the aoslysis sbould consider thoss effetn resulting from the
fact that ihe eaurth is o rotaiing aphwere, but sinee the sltitods renge
for vhich iras «ffects are iwrortant s less thon ! percint of the

radius of the edrth, the rectilinesr troatwent glven in tals auslysts
1s parmissibtle.




sccelaywtion of gravity, l't/-u2

X,y horizsootal axd verticel disteanos from the point of impeat with
the sarth, It

] sogles betwesn the flight path and the boricontol, deg

{Bea Appesndix A for cosplate list of sysbals.)

In gensral;, tbe dreg coefficient varies with Hach nomber aps
Reynolds mmber, vhlle the deneity and, to a very minor axtent, the
acealstation of grority wvary with altitudsa. Hence it is olsar that
wxact solution of these oquetions is foemidable. It us Pirst, then,
oondider the falloving sinplifisd caset

1. Tis body depcends vartically.

2. The drex coefficient is constamt.?

1. The acceleration ol grevity is constent.t

MACA TH hoh7

sagtion in geoerally of gord socurady st the
bigh mmbers unler conslderetion, ut lowsrt an long us the total

, dxag is largely pressure dreg. . - o

“Ihe sccelaretion of greavity deorxvoses Ly ooly 1 porcent fox every
100,000~foot fncyease in altitude.
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Bquations (1) #bwn reduos to the single equation

a -\ ~fy
ﬁ' 2t '*EE?' v (3)
Notisg timt
a e
at dy
we 1ot
zZavyt

e eqetion (3) Decomas the linear differential equation
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80° that the deceleration beccmss, in terme of grarity acceleration,
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the oslculstzd density is 4n mood sgreement with the NACA standard
staupbare valoes dbimised from referenone 2 apd 3 for the altitude
reugs from 20,000 to 180,000 fect. Thess relatlons have beem weed in
oalculating the velocity and decalaratios of ths sphore for wariows
altitndes, assuming verticsl ewtrsnce velocitiss of 10,000, 20,000,
lﬂm,mtntm-ulsthlﬂnutunhﬂch,fﬂrﬂnnm.
=y bo considered tha “outer reach” of the aitmomphers: Tbo results af
thees calofistions sre prevented as the solid cxrves in figures 2 anmd 3.

9I% 1s wml to tegloct the grevity socsleretiom s priori {vee e.g.)
refs. 1 mad .

S

¥ = comst. X ©
At tho altitude of 50 miles it cap readily be shown that the tam

CpPhA oy
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a B
iz very nearly unity so that the valooity mxy be written
cnt o

- E Py
Ta 'l [} afm (9’

g

F A gy -
<" p- oWy pu (10)

o Te !, ii T™he soLwOGE EpEwas

By uss of oquations (9) end (10) the vertical-decent speeds and
dooalerations froo the l-foot-dimmter svhers praviontly considnred have
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(1)

50 thad the flight path 1s essentiall,’ = stralght line (i.e., @ » Oy),
snd the resultant decslerwiion equatios becomss

Corar®
- M (m)

Now, agein, if the Jenaity rolaticn given by squation (2) 1s uwed wd
1t is poted that

" . &
4 wia o or rry Tsind.‘r
oqustdon (12) besomes

o~ &
i

o
7- ety ¥

vilch csm be integrated to yiald

L .
Y=Tga = i;; i;‘ ’ (L)

and the daonlarsbion is them

——& - M.'" .—.n‘.—_’i * [$T%)
-~ :

n -v,a":‘-' 0.61 vp (26)

and the valve af tho mmcimm deceloration is

-G

Ir egiations {13) snd {1k} are revritten to meke the altitwle
refersnce point y: rather than sero, them

) _ B
Vavge SR

-B{ys+ty)
L e sop
[

g
respaotively, vhere Ay 18 the chengs in altituda from y,. Substitu-
tion of egmation (15) into these expressicous cen readily be shoun to
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these guentitiss with altiwode for specific . Tho Sepandence of
r'(py) snd ¥ (pe) au My iy sbom

The maximm decalsraticn snd the velooity for maximm decelarw-

?ﬁ

tion sg given by uu;(:l.'n-nl(lﬂmlrulruﬂunuhhm
»

given Yy egantion (15)
tion in f1ight occurs at sea lovel vith the welacity (ees eg. (13))

v-v,-v.-—is‘.#'i y (20)

und has the valms

'/',\L."(%Z .IEi._#fE (=)

the aversgys hast-transter rate over the murfuos. i 42 ainply the
mximp valve of e time raba of beat loput par wmit sroa. On the
other hemfl. the Strecturel shbreneth at loesl nofnts s e sorface my

g
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Lgner
is aimplified to facilitate comparison of the relative hosting
of one missile vith respect to anothor - scournte datermimtion of the

l. Covective heat transfer predosinatss {1.a., redisticn offyots
[~ ] mm’-

2. Effects of gaseous iwperfections mmy be naglected.

3. . bock-nave boundary-larer intarection may be neslecbed.

i, Buymolds' snalogy is sppliceble.

9. The Prapit)] otmher is unity.
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f4-Xb
*  ommvective hoat-iranefar socefficlend, 7% meaOn
%y recovery temperabmrs, %
Ty taaparatere of the wall, %x
t  time,
aad tho Weaript ] Sesotes MooRl soWiticas At wy elewect of e
sturfecs &f.

It 1is cooreniamt in part of this smalysis 10 datermine the beating
ab 3 Tunction of aliitods. %o this end, noting that

wo e thed oquation (£2) amy bu written

ag, _ bt - W)y

= (23)
a Y uin 9y

With the assumptism that the Pramdt) . mber is unity, the recovery tem-
parstae i3

roe (30 202 ax{2 4 Z0)
NtTE ) TR
vherg

K Much musber &t the nltitods ¥y, dlmsusioni-se

4 ﬁ.mlom‘mﬂhhutnmlwmwmtdm‘
!h'l_.c"i’ e 'l ;.

T siatic temperstre at tho altitele ¥y, O0
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(Or - Yy)y =2~ "1‘ Il oy

It 1» meen that For large valnes of the Mach nomber, stich e the cwm
of primcipal luterest, the third term 1s large cowpared 10 ressopably
sligusbhls valuesy of T - Ty: It will tharefore Do arsceed that 1 - T,
1s nogligihin® 1o that

(- %)y« I (a4
Yoreover, sinee
e (r:)c,
equation (2h) may be vrittem
-, - % (23)

Nov the local best-troosfer coafTicismt by i, by Faynolds’ amlogy,
for the sssmoed Prandtl misber of ity

UL T =5}

vhare ':I'. is the local siin-frictios cosfficlamt basel on comditions

¥y, eto., Jurt outaide the bovedery leyes. Thoy, sioee (Ty » "w)
ummuhmmmth-ntmm 6, the rate of iotsl

STt smould he toted that without this assucptice, the beat-imput Aeter-
mipation would be grestly complicated since tha changing wal’ tes-
prrature vith altitude would Lare t0 be conridered o obiain the brat
imgmt (sew v.g-, reof. 1. Tor high-srved sdesilas which painttlr
high speed during desseat, the szauwptisa Is oty oudly permisriols.
Even for ugh-mnd. missilen vhlck fioally dacalersia it low speeds,
the sssteption 1s giomrally atlll edequate aince the totsl beat fupet
i» larxely datarmievad by the heat trapafer during tho high-syeed
portimm o2 flight.
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Toat tronafer with altitude Lecoses from sqeations (23) through (26)

[8e ghm mmane
s B

a__%rs (&n
¥ by
wiereis Cp is st cqul to Gy wal
Cr "a.£ e, \z/\7/

The yorsoater CTp' 1s termed "the efalvalant friction coafTicient.*
ol w1l b2 sssumsd couwtant,” lofependect of witliulle, «gRin on the
pﬂnmmﬁnnﬂuruﬁulﬁlﬂlﬂh‘mudm.
Wth equationa {2) snd (13), then, symiion {27) is written

i A 4 : Pu sin Oy ® {29}

R T SOAT L

develarniion, so thad

1

aod therelars U moxisom sliiinds rate of » * tronafrr ccrwm ot e
altitule y (ser eq. (13)) und 13 given %y

@@ -

1% follows. of course, that the altituds rate of heat trupsler aries
with ipcremsotal change fn sltitmde froM y; 1in the ran~ cunper &
dasaleration, wnd thus .wae eq. (19))

(Wﬂl’u .
T——-— ‘): = P(pay (3=}

The "otal best it to the body *t impect follows Zres equatiom {29)
{intagrating oyer the llmits 0 y<w) and is

..%j_'fg li-e B (m
™ Immot eloeitys ¥, (the valoeity of body &% 7 = 0), in
Cpfoh
Yo u Vg "'EE'EET.‘
8o that equetion (13) nay hs vritten In the altercative Corm
q-f{%&-) (vg* - v.5) (X}




—
—

——
——

!

&.Lgﬂpﬂ
at L B

which, tegexber with squations (£) and (13), Wect-a: at altiveds y

.
" (epmo!)
vhare the wlovity is
_ &
"-'l._.':o-n'x
Ay with pititnle rate of host rsnsfer, 1% o=z be chomn Bt
( Sy fak)
X o sy

(3)

(%)

rete of sversge heat tressfer per tnit sren ouycurs sbove sea level,
It 7, % sessbics {38}, 1z soputive, them this rele docur: at s
wuu,m-q-tmia.
XA
() (o) . ey o3
T L N,
t tn of L 1 aren. - The elemx-

tal surface s et to grenant t t pur wit
arss {n, cicept {n wsoal casew, the tip of the wissile oows vhich
first meots the air. It seems wiiXxely that o pointed noss fAll be of
priotical interest for bigh-speed missiles since oot woly 1e the local
heat-tranafay rate excasdinely larse in this ctse. but the capsalvy
for hyat retention s mall. Thus s truly pointad noss woil.d burn
svay. Poly shepes of intarvet for high-opsed missiles woud sors prob-
ahly, then, be Lhoss with nose shapes having pasrly bexispherical tips.
Toe Falloviog asiiysis applies &t sech vips.

It is well kooun thet for sny truly blmt body, the bow shock wave
in datsched wnd there oxlwts o stogoation peint st the noss. Conwider
eonditions at this point apd assvms that the loeal radius of curraturs
of the body 18 o (see sketch).
The bow shook wave 1s normal to
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W rotain the ssstaption thet the Propitl mosber 1s maity, nota that
Fo. = Wohl,, sul shbstitate equation (29) into sgmtion (k2) to cbtaim

My
% - o.l?/—;-! L o (43)

>

t 1s well known that st the high tesperabotes of loterest bers,
coefficient of viscosity ny varies nesrly as the square root of
sberduts tespersteare aad 15 given by the relation

431

By = 2.0 X m":,i

If this exzwesrion is oombined with equation (P3) (orgledting Ty),
sgoation (k3) sy thon be written®

Ea.caxwtfyv (o)

“The sasmpoion of conetsnt denelty certainly say invalidmts this ammd-
¥uis for any quantitative stody of the relatively “cold-wmll¥ [lous
of intarest bere, For tha purpose of stulylng relative bant trensfer
1t should, howerer, prove sdejuate.

'n-u-u ocndltions rather then recovery conditiods boen usad in the
davelopwent of sguation (A4), the mlation

4
-, . = B 2
Ty X.1x% 10 -/-;v

vould have beon obtained assuming & Liosar varistion of viscusity with
\omperature (to be oousistent with the aasmmption of & Lool wall).

This relstion would give scmsvbat bigher hest-transfer rvtes par wilt
sros Han equation (M) at velocities graster then sbomt 600 feet per
_Secood, e

. MCA TN hOAT : 19:

vbioh, vhen ocsbined with oquations (2) amd (13), Gacomss

Z “amelng*
*

Be . ox w0 v s ()

The marimom valus of di, /dt cen resdily be shown tu ba

o A, pa ain
(e * (), oo/ 55 v

4 Leh grouvrs at b altitode

e (EEAN -
b ] n \ sin FEJ .

~orredpotding to the ‘elocily
7 =g R ¥ 0.8 vy thg)

s tinnar in vbicn ko hest-tyapafer rets per upit sres &t *he staype-
"3 poiat verles viil incremenisl change 1o altitude from ¥y canbe
wkevn, to be

‘dﬁl/"')a- --?- i(‘.-!-w)
(@, T

£ oeat FTIRY
g Ly

» dapendenze if FU'(BY) on AW 4 showr It figuaee L.

Fquatica (&3 epplles .oly If Ty I8 e mws level. Iy,
!rr= epaation (b7, if segutive, then the Mexizm Leat-tronsfar =—ais
ter unit aren L tae slagoet13n point cocurs A% fve leval ard L)

. . ¥Cpod
iy i1, c _- w e iEmr S
!\F)-x -(1 -% = SAui 'ﬁ/.!-u; 'E" e 8lr 3 (%)

x.
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The motion study thams some {wportent features sbout the high-spead

If tha missila is vory hesvy, the caloulated sltituda for saximm

(nq. ( ¥ be flotitious {1.e., thix altituds is wex-

ative} w tha moximas docelarsticn ia flight, vhich ocours Just batore

ispast mt sen Ievel, Is lesa thon that caloulated by equation (17) snd
in dapendent oo the body charmcleristics av vall as the antry speed

{011). Nreawer. thae vusrintinm of snaad
e Comemar, The WartSTI0n of sheac

£nd deceluration with altitude from thy fetitious sltitole givea by
equaticy (19) cwn still be oriained Irom fignre k.

Ewating

i

-~ In the henting wnalysis, a ousber of plwplilfy-

were made vhich shoyld Limit ity eprlicability 4o the

tornination of relative values of hesting et !ppersonic speetds. It
is im this relative sanss that the Folinwine & sevwsion rartaine.

]
:

- —
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In cous. ﬁ-hhlhnthmﬂmbymﬁdton
migaile, it in avidant Zrom equation (33) thet the course tiw lesigoar
shacld toln 40 ohidals the lesst heatine iz affecisnd by the wxlun of

tha feotor
Crly _ .
—=—w E (L)
pu olu 8p

To illustyate, first cousidar the cose of & “relntively bewvy™
wiggile for which this fantor is .
"relatively boavy”™ 13 used to

s mesll cowpared to 1. If this fmction {s expaniad fn series sod
201y ths lemding term retsined. sotntiow (3%) becores
(TR )
"t st (=)
Lpaiz o

For the relatively “wavy t tenils, en, the lssst heat vill be trams-
forred vhin Cr'8 1in n xin!mm -ibit is to asy, vhen the total shear
forte acting oo the body ir & minjeum. This result i as vould ba
dxpected, if ons notes thal requiring B <<1 is tantewouwrt to requir-
ing the mieslle 10 be 20 hesvy waat 1% iz retarde! ~2ly 3288041y by
e B et msl] 2 et e 0o M smem ¥ doamem Alemesabal . sl o deeescemells s L TP e
L YO LR L 'll'-‘ A LS EILLLL WPE W Al WAPE AT W AL WY MR

ingut to the migeile is axuply proporiional to the shewr foxca.

Nov lat L& connlder the casa vben B>>1, or, in other JoTds,
vhen this wissile is “relativaly Light.® In this enend,
poh

M ain 4,
= T

1l -3 J1

and wquation {31} can be approximmted

Qud w? &
| ‘it ] ~ Cph
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Por ths relatively light misg.ls, thez, the lsast conveciive lmating Ln
cbiained when Cp'BpA 1s w minlmm. This ia at firat glance &

athav svoed ol '--nﬂ! Cov 16 1mafanten ihnt the ‘l\-'I-Inu fa medunad

TR Swprisicg maiul b=t

by inereasing the total irl., provided th- equivaient trl.cttml drag
is wot Lncressad propartionataly as frst. Physically, this soomcly la
reyclved 1f the prnhlu is vlowed in the fouloving vay: The wioalls

entaring the aimosphwrsa has ike XRiontio energr l.nl-l,’ bart, if
c
M uln #g '3‘
"

1s small, than nesrly nll ils eptranre xinetic coergy (2 fost, 4k 1o
tke action of sarodynsmic forces, and wug® app o~ st bealing of botl
the simosplare and the mi Ih],.!'- ™he frastls .2 20 sl lwa Wil ¢

i
3
d
;

Thus, by kerplng this ratic & winlmm, ! B 3o J€2- o0 O e
aargy (4 given {0 the ntmosphere aod Vo efuslle *=~ut .8 20 ~Lerefom
least.

ir are =v davall,
b religer t a3 aLionr

Tn order to 1lluat.ots thase sunclderis « .
calculations have been nede usiog the 3oy, ol

50 detarmine Lhe heal trensfstred by cocve © oo e ~ gl
nissileg. Tvs clasers of missiles huwve 1ew. cmslavrm.. "0 1 e
the first rlass vere rejulred Lo Bave o bees 0 10 T mou g Teets
Kisviles ia the second ~lsam werr pequired *- =o.- T, o vt !
Tee~. Cross wmights of 1, 1,0, %2 3 3 4y 0oy - & 100 i
tesn amgvmsd, and the entrwyce mogla, d., bBur e . aen i of u~

‘h ull caged. Missile heating, vp o e w o g 4 i wv-m
aktoulated an a function of cone aurla [ - fimd + fFrus oo L 4t oy
ety B 3,000 foel par second. 1% Ll o alianildr W Tressw

drax coafficient vae taken as cinutncl for . twrbisul.« coe O oA
ot corraspunding 1o Lbe entras « Meo; aumer a2 wne o0 LN
Jay noumed Tneougbous). These gheffisier-- weny Ju'era oo irm - -
erebce £ £ 7 coue apgles of 197 ued greats. . P et amiT

~an |- J ra{awtnin 7 uns wwtlawed 10 Asiows! 2 14 . L. Y
wien L reierencc 7 was wsployed 10 daiernl NS

'f all the dyww tg Pr?cllo- o, 1-.. MR LAY B Y
I3 trassferred to the e M other M LS DR I O
hudl.ry.uvn-wduhr l:tr.r-«rlu'-r-'d,.--
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{busy dreg, wos neglected iu all ohsas). The total dreg cosfficilent
mm:ahmahm-mmmﬂmmtﬂumﬁu-
friotiod ioefficient, the Jatler corfTiciest being taken &% lte value
for suorimm total hast-input reta with sltituida. The boundary layer
s savised to bw whally turbulsot efince the Reynolds mabar, based on
langth of rm slong the surfese of L toow Al local conditiops Jpst
outside ths boundary layer, was alwys grealer than nbout § % LT sad,
in feot,was of the order of billions for the mora slender coo-s.

Turbulent~toundary-layer data wire nbtained frow references 8 ond 9,
and Sutheriand'c lse for the variablon of viacosits vith Lewherstors

was used in obteiniog 'ml.nunl. ﬂat.-gnu' bentetranst > coefficients.

Masile Yesting seloulated in this amoper for the rized-base-atsa
pd Tixed-voluwe dones s presented in figures 5 sod 6, respactively.
Turves for misniles beviag densities g-euter than stesl are
iwprobable and sre shovn as dashad lipes. It is clser tlist for hoth
classes of bodlas, vhen th: missile ia relatively beary, ibe optimw
solytion 13 cbtaloed hy mating Cp'8 =2 mnll s possible {esml)l cone
apgle case) and this optiwm Is atcectunted vith lbcresse In speed. Om
the other band, vhen the wisaile is relstively light, reduce? beatloy
is obtained by waking Cr'9) as small ns possible (the larse -one
angle cass). Tt 18 noted slsd that, in geoeral, tma sdvantage of
reducud husling of tia ralotively light, blmt cooes is sore prapatnced
in the Fided-boase-area razg than in the Flxed-voltos caos.

unic ares.~ It ved

Sy
prey ibe u average heat inpu per

unit ares may be of serins i:mortmn 1n dytermining the structural
integrity of migniles entering they stwonpherw al bigh specds.)? In
ordar to jllustrats this fwst, coasider the oess of a misslle howing s
shell mods Of sclld mterisl and weause shet the rate of hest trensfer
per uit sron dows not very reridly from ooe swlace elssent 5 tha
next. Theo the rate of tronuler of heat along ‘he shelsr vill by samll
ocmpered vith the reie tf treasfer through the shell, Tiw akell strass
due %0 heat transfur is that res:dting n-un the tamdenny tosmrd differ-
ential cxpdneion civough the shall anc i% ig propcrtional to ﬂ‘-:dn
viste T, 1¢ tho Lewperntire ot any point ¢ Vishiz tie chell dnd n
is ‘sans: culer from the sbell surfece. d= Jofime as
thr thermal condtmativity > the shell material; tcen tne rate at vhich
heat transfers througl o ahell par unit area is Xk u'tT-ﬂ-n and this
aust, At y = 2, equal the rate al Deut Joput par &it s'rleces &ree.
Ter the cisslle considersd as m vhole, the maximum valic 37 tte averagr
thersal stress In the shali in & weasure of the <7ir-all viructural

Alhiy 15 the common quss viwn the shell msterisl ncts A structuwrsl
nupport and must «iso traneport or sheort the heat.
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if the given misvile alec attelms ity mixiwes rate at sea lewl
{1.0.; 33 = 03 oq. (¥1)); wharecs

- B m

i *CFA SN

17 the glven wissils atislos 1 u-uu- whove ses level (og. (6],
. The yeriatios af ¥ th 18 is shown in fiemrr 9.

enlbive) o
aéu,hhi;:mﬁqﬂn the wireatage over the alecder
sheps in thlr respect.

bas been calculsted for the variocus cooes, assting
%o be mmffected by the »diition of the hemispberloal tip (the up
uwhmimm-n).umnmummunm.m
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The seeond sapect of the hesting problem jysated wes concerped
with the rate of Best ipput, particoularly vith regard co thermsl shall
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atresses rerulting thacefrom. Tt vas sepr that the swximum s=avege

heat-Input rate oad, hnu, maximm srarage theraal ltn-u could

&F-rarved by wilng altver = blimt or & sirodor uleeila, wolle wi

4 lotermediate slanderneso were definitely to e m&hﬂ in “his con-

oy *tion. The rcglon of bigheat looal hest-tranc®er mate oad, heuoo,
sreatazt therssl stress vax ressonsd i9 t4 Jooaisd at the

forsmed tip of the alusils io wost cases. This vas awomed o be

t  rage mpl Lt ves Tound that the mapgwitnde of *his strama vas Teduaced
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3. Maxolyosuis forces are 2ot semsitive to sttitede and, haoos,
a sfbere =iy seed po sttbilizing sofacew.

6. maunmmluntyhnum,-m-gm

1. 7Tha low teruimal spesd porwita offective cuwmtarmeaswres.
®. The lower ayvermge sptwd of doadsnt incresses the wind drift

arror «t the targat.

3. The sagnituds of the wexizwm decalsrstion is grestar then osn

e alloved.

first two of these disadvantages of the mpbere wight he minimiysd
Jur & Flodesetaralinodndaniss gaiie from the frout af the

|
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Moffelt Field, Calif., Npr. &, 1953
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comditions at wititude ¥ (oq. (¥))

sondtiong ut sititole ¥, (eq. (7))
ecoditions wt evtrsoos 6o esrth's atmosphere
local eondltions

recovery coritltions

stapgmtion oonditions

vall condit!ms

conditions within the shall of tho misslla
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ted in the maln body of the report, the heating snelysis is
the following ussurptions:
.t

t iranafer is of foresost Importance: that is,

Effscts of gassous lepmfocticns, in particular dissoclation,
may ba baglected.

3. Effeets of shook-weve boundary-layer lateraction may ba
noglected.

k. Beynolds' asalcgy Is sppliostls.
9. Prondil pwber (s wmity.

Toe restrictions lmposel by thase asswmptions will now be consldersd
in some Gotail.

In sssoaption 1; hvo simplifications are involved; namely, (1) radis-
tion from the gurface of tha body s neglected, and (2) rsdistion to tim
bolly from the high-tasperature disturbed alr betwean the sbhock vave and
the surfuos is neglectad. The first simplification may ta Justified on
the premise that the maximom allowable mofscs tomperaturs vill Le shont

ESELEG RS
lnncl.lhly e'hl.n.n the relative heating which is of principal ickerast
in thiv pepor.

The secood siplification of ignoring redistive beat trensfer from
ihe disturbed air to the bty iy 2ot so esgily trestsd. At ordimary
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theoe conditions must, at best, be qualitative, Revertueless, sevaral
such calculations have bean Dede, sssmipg for lack of batter infogmo-
tion that air bohaves ws a grey body rediator and thet Wein's lav aay
be used to relats the wave langth at vhich the waximm emourt of radia-
tics 1s emitted to the temperature of the air (this sassuxption, in
effect, ennbles low-temperature dmta on the emlasivity of air tv be
used in calculating redlation st high tesperatures). In these cnlcu-
lations effects of disscoiation in reducing tho temperoture of the
disturbed air have wlso beea neglected apd henoe from this standpoint,
at least, conservative (1.0., too high) aatisates of redlative heat
traasfer ohouwld evolve. Tie results of thess calculations indioate
the following: (1) Radiatlve heat tranafer frow the dlsturbed air to
the body 1s of negligible Ueportance compared to convective oest trans-
fer at entrance speeds in the nelghborbood of, or less then, 10,000 feet
per second; (2) Radlative 'acat transfer, in the case of relatively mas-
sive blunt bodies, mny have to be considared in Yent-transfer calcula-
tions at entrmnce speads in the pelghborhood of 20,000 feet par second;
(3) REmilative heat transfer, in the cass of 1elntlvely masaive blunt
bodies, xay be of cosparabla lxportance to convective heat trangfer at

o al oo e b 4 libenb A o N PV Past e mmannd o
GOolrance gpeeds 10 WS Delgiodlfaoda G1 JJ),RAF 1861 DET 08C0Lu. rIoe

these results, we conclude, then, that the meglect of radiative heat
tronefer from the disturbed air to the body is probabl.” permissible for
all except, perhaps, very hlunt snd heavy shapes at entronce speads up
ta 20,000 fee™ per second. However, thie mimplification may pat be
permissible, edpecially in the case of henvy blunt bodles entering the
stmostbere ot spzeds in the pelghborboo) of, or greater thwa, 30,000
feet par sscond. i

In dssuption 2, the neglact of effects of gaseous imperfectlons,
particularly dispociation, on convectlve heat tranafer would appeor to
ba permiasible at entrmnce speeds up to and in the pelghborhocd of
10,000 feet por second, sipcs At such spaeds the temperatureos of the
dlsturbed alr Are not high enpugh for these lmporfectioons to become
slgnificently manifest. On the other hepd, as the entrance speeds
approach 20,000 feet per second, terporatures of the disturbed wir way
easlly exceed 10,000° Reukine, in vhict case appreciahle dlssoclation
nny be anticipated, inside the boundrry layer for all bodies, and
insilde apd gutside the boundary layer in the case of blunt bodies. The
resulta of rafe. 12 and 13.) Heno, for the preaent, the peglect of
affecte of gaseous lyperfections oo convectlve beat transfer im oot
demonstrably permisaible at entrance speeds in the oeiphborhood of
20,000 feelt par second or preater.

It In assumption 3, it has boen shown by Lees and Probstein {ref. 1h4j,

TCA TN hohT Ev)

mmbars in excecs of about 10. Lecs nd Probstein found sosewhat the
opyosite effect on he<t-iranefer rate in the cuee of weax lntersction.
It i8 DOt pow known how this phopomepon depends upon body shape or type

af boundary layer. However, 1t 1s reosopoble to anticipata that there
will be wows effect, srd csrtainly if the sbin-frictica coefficient iz

1pcreastd in ordar of magnitunde at Mech nunbers approaching 20, =9
indicated by the results of Li and Negomatsu for stroog interaction,
then the phenomenon camot be prusumed negligible. Hence, ve co::cl?d-u
that from this staodpoint, aiso, the corrective heat-trupsfer calouls-
tions of this report msy te in error &t ‘mtraace spocds of the ardar
of 20,000 feet par second or greater.

The zssumption that Reynolds' apalogy wey be used to Teinte akin-
friction ond heat-transter coefficlent does pot, sspeclally in tha
11ight of recent work by Rubesin {ref. 1f), eeem out of lip= with the
pAoposes of this paper, nt lesst at entrance speeds up to and in the
nelghborbgod of 19,000 feat per wrcond. Housver, it does not follow,
s priori, that thic sasuveptios ramaina valid at substantially higher
entrsuce opeeds, especially 1o viaw of the ilmperfect gms sud shock-wtre
boumdsry -1ayer-Lintersction offeots already dlscassed.

The wssumpiion of Prundtl muosber squal to mlt) vould alio appear
parmissible for the analysis of reletive hesting of miselles at the
lower entrance spesds considered bers. HFowever, iun view of ths quas-
tionabla effect (see ngaip refs. 12 apd 13) of dissoriation on Pramdtl
pimber, it ia mot clear that this assmmption is strictly volid at the
iptormedicte apd higher entrance speeds tresmted in thia report.

From thoe copelderations 1t in concluded that the simplifring
assumptlons made 1p the oein bBest-traoafer sonlysis cf this paper will
ot eignificantly influance the results at entrance spreds in the
neighborbood of or less tkan 10,000 feet per second. Howsver, at
entrance gpesds 1o the peighborhood of and greater than 20,000 fost
per secepd, these Tesults mist be viewsd with skepiiclimm. More rccuorate
calculations of beel transfer &t these speeds muat, among other things,
avait more accurate doterminaticna of both the static ard dynnmic prop-
erties of air unde:” those circuestancecs.
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